Background: Parkinson's disease (PD) is one of the most common degenerative diseases of the central nervous system (CNS). Alpha-synuclein (A-syn) plays a critical role in the pathogenesis of PD. The close relation between the salivary glands and the CNS could render the A-syn secretions in the saliva useful biomarkers for PD. Aim of the work: To study the salivary A-syn levels in a cohort of PD Egyptian patients and to correlate these Asyn levels with the patients' clinical data and disease severity. Patients and methods: Twenty-five PD patients and 15 age-and sex-matched healthy subjects, as a control group, were enrolled. Evaluation of PD patients was performed using the Unified Parkinson's Disease Rating Scale (UPDRS) and modified Hoehn and Yahr scale (HYS). Samples of the saliva were analyzed using the enzyme-linked immunosorbent assay (ELISA) technique for the specific anti A-syn total and anti A-syn oligomer (A-synolig).
Introduction
Parkinson's disease (PD) is known to be the second most common neurodegenerative disease. It affects 1-2% of the population over the age of 60 [1] . As the clinical diagnosis is challenging, misdiagnosis is common to occur. Thus, there is a need for disease-specific biomarkers for early diagnosis and adequate tracking of PD progression aiming to improve the patients' outcome. Given its critical role in PD pathogenesis, alphasynuclein (A-syn) may be a useful biomarker [2] . In physiological conditions, A-syn is expressed in a monomeric form (A-synmon) [3] . In PD, A-synmon aggregates into A-syn oligomers (A-synolig) which in turn convert into mature amyloid fibrils, leading to the formation of Lewy bodies (LB) and Lewy neuritis [4] . Soluble A-synolig are present in larger amounts in the brain of PD patients than in those of healthy subjects and it leads to neuronal cell death, being therefore the main neurotoxic form of A-syn [5] . The submandibular glands are involved in synucleinopathy of PD [6, 7] . Consequently, saliva (typically free of blood contamination) seems to be an ideal biofluid to be studied for Asyn secretions [8] . Salivary A-syn total was lower, while A-synolig and A-synolig/A-syn total ratio were higher in PD patients compared with controls [9] . Other previous studies showed similar results [8, 10] . Accordingly, we thought to study the salivary A-syn levels in a cohort of PD Egyptian patients also to correlate these A-syn levels with the patients' clinical data and disease severity.
Patients and methods
This is a case control study that was carried out in the Neurology department, Fayoum University Hospitals, in the period from July 2016 to April 2018. Twenty-five PD patients were enrolled in the study after fulfilling the criteria for diagnosis of idiopathic PD based on the British Brain Bank criteria [11] . Fifteen healthy subjects matched with the patients' age and sex were included as a control group. The former came to the Neurology clinic seeking medical advice for headache or spondylosis.
We excluded participants (whether patients or healthy subjects) having cardiovascular or cerebrovascular diseases, diabetes mellitus, autoimmune diseases, chronic inflammatory diseases, and hematological neoplasms. Also, participants suffering from salivary gland and oral cavity pathologies have been excluded from the study.
All patients and controls were subjected to thorough history taking, general medical, and neurological examination. For the evaluation and staging of PD, we used the Unified Parkinson's Disease Rating Scale (UPDRS) [12] . This scale is subdivided into four parts: part I for mentation, behavior, and mood; part II for activities of daily living; part III for motor examination; and finally, part IV for complications of therapy. For PD staging, we applied the modified Hoehn and Yahr scale (HYS) [13] .
PD patients were classified into tremor dominant (TD) phenotype (mean tremor score: mean bradykinesiarigidity score ≥ 1.5) and bradykinesia-rigidity dominant (BRD) phenotype (mean tremor score: mean bradykinesiarigidity score ≤ 1) referring to an older study [14] .
The recruited patients were either drug naive or in the on/off stage. The pharmacological state of the patients was assessed and calculated as L-dopa equivalent daily dose (LEDD) for each drug as described in a previous study [15] .
Regarding the salivary sample collection, each participant provided 3 ml of saliva to be analyzed using the enzyme-linked immunosorbent assay (ELISA) for A-syn total and A-synolig. The samples were collected, processed, and then stored according to the protocol adopted by Vivacqua and colleagues [9] .
Samples were analyzed in the laboratory of the Clinical Pathology department in Fayoum University Hospitals. The protein concentration was determined by spectrometric measurement at 450 nm in an appropriate microplate reader. This method was applied to draw a standard curve based on the optical density resulting from the presence of A-syn total and A-synolig in the samples; then, we calculated the concentration of the two protein variants in each sample. Each standard curve of optical density matched the corresponding optical density value in the nanogram value of the protein concentration.
We used the anti A-syn ELISA Kit (Biotech E1313Hu) to determine the A-syn total and the anti A-synolig ELISA Kit (MyBioSource, MBS043824) to determine the A-synolig.
One volume of wash solution was diluted with 19 volumes of distilled water. All reagents and samples were brought to room temperature (18-25°C) for 30 min before starting the assay procedures. The standard wells, sample wells, and blank/control wells were set; then, a standard of 50 μl was added to each standard well. Also, a sample of 50 μl was added to each sample well, and a sample diluent of 50 μl was added to each blank/control well. All standards, samples, and sample diluent were pooled in duplicate to the plate. Then, streptavidin horse radish peroxidase (HRP) conjugate reagent was added to each well to be incubated for 60 min at 37°C. After aspirating the wells, we washed the plates 4 times by applying a wash buffer. After the final wash, the plate is inverted and dried using an absorbent paper. Chromogen solution A (50 μl) and chromogen solution B (50 μl) were added to each well and gently mixed then incubate for 15 min at 37°C. Finally, a stop solution (50 μl) was added to each well. We wait till the color in the wells change from blue to yellow then we read the optical density at 450 nm within 15 min.
Ethical considerations
The study was reviewed and approved by the Faculty of Medicine Research Ethical Committee, Fayoum University. An informed written consent was signed by all the participants after explaining to them the objectives of the study and all the steps that will be performed. The confidentiality of their information and their right not to participate in the study were ensured.
Statistical analysis
Data were collected then analyzed by the Statistical Package for the Social Sciences (SPSS) software version 18 in Windows 7. For qualitative data, simple descriptive analysis in the form of numbers and percentages and arithmetic means such as central tendency measurement were applied. Standard deviations (SD) as measure of dispersion were performed for quantitative parametric data. For normality of quantitative, one-sample Kolmogorov-Smirnov test was performed in each study group then inferential statistic tests were chosen selectively. Student's t test was used to compare measures of two independent groups of quantitative data. Nonparametric Mann-Whitney U test was applied for the variables that are not normally distributed. Bivariate (Pearson) correlation test was used to test the association in between the variables. Finally, the receiver operating characteristic (ROC) curve was used to determine the specificity and sensitivity of both A-syn total and A-synolig. The cutoff value for significance was considered at p value ≤ 0.05.
Results
The study included 25 PD patients. Their age, sex, clinical characteristics, and LEDD are shown in Table 1 . The controls were 15 with a mean age 60 ± 6.7 years. They were 10 males (66.7%) and 5 females (33.3%) with no statistical difference between them and the PD patients (p > 0.5).
UPDRS part 1 ranged from 0 to 6, part 2 ranged from 5 to 33, part 3 ranged from 10to 50, part 4 ranged from 0 to 6 and finally, the total score ranged from 16 to 90. Modified HYS ranged from 1 to 3 with a mean of 2.08 ± 0.6. Means ± SD of both scales are presented in Table 2 .
Concerning the laboratory results, the A-syn total level ranged from 29 to 318 ng/ml in the patient group and ranged from 119 to 333 ng/ml in the control group. The level of A-synolig ranged from 13.28 to 63.22 ng/ml in the patient group and ranged from 22.55 to 52.08 ng/ml in the control group. The remaining laboratory results are shown in Tables 3 and 4 . There was a statistically significant difference (p < 0.05) between the study groups.
Furthermore, there was a statistically significant positive correlation between the A-synolig level and disease duration (r = 0.43; p = 0.03). Meanwhile, there was no statistically significant correlation (p value > 0.05) between A-syn total, A-synolig, and the ratio between them with the age, sex, LEDD, modified HYS, and UPDRS among cases.
Concerning the sensitivity and specificity of A-synolig in PD diagnosis according to the ROC curve, the total accuracy was 72.4% with a sensitivity of 76% and specificity of 60%. Positive predictive value (PPV) was 65.5% and negative predictive value (NPP) was 71.4% at cutoff of 41.19 ng/ml. Regarding the sensitivity and specificity of A-syn total in PD diagnosis, the total accuracy was 82.3% with a sensitivity of 80% and specificity of 86.7%. PPV was 85.7% and NPP was 81.2% at cutoff of 182 ng/ml.
Discussion
In the present study, a statistically significant difference was found between the study groups as regards A-syn total, A-synolig, and the ratio between them with increased A-synolig and A-synolig /A-syn total ratio and decreased A-syn total level among PD patients. These results agreed with several previous studies [8] [9] [10] . The results observed in saliva were mirrored in the cerebrospinal fluid (CSF) [9] . It was suggested that the difference in concentrations between A-syn total and Asynolig can be attributed to the oligomerization of free A-synmon in saliva, which leads to the reduction of Asyn total concentration. An elevated A-synolig level was previously detected in the plasma and CSF of PD patients in comparison with controls [16] [17] [18] . Bengoa-Vergniory and co-authors [19] suggested that the presence of A-synolig in biological fluids is a more accurate indicator of the disease and measuring the total levels of A-syn hide the difference in oligomer levels. A-synolig levels were monitored as biomarkers for PD and its progression in plasma and CSF in two previous studies [17, 20] . Obtaining a sample of saliva offers multiple advantages over the currently tested biological fluids (blood and CSF) because it is a simple, non-invasive, and painless procedure that does not require expert training [21] .
We found also a higher level of A-synolig among BRD phenotype compared with the TD phenotype. This result may be explained by the association of BRD subtype with more dynamic progression and more severe form of the disease which in turn causes more oligomerization of A-syn [22] . This theory is supported by a neuropathologic study on 27 patients with akinetic-rigid PD and 18 with tremor-dominant PD, and the former group had a greater neuronal loss in the substantia nigra pars compacta [23] . Furthermore, there was a statistically significant positive correlation between A-synolig level and disease duration, but with no significant correlation between disease duration and salivary A-syn total, this means that the longer the duration, the more accumulations of the toxic A-synolig occurs. However, Malec-Litwinowicz and colleagues [24] found no correlation between plasma A-syn concentration and duration of the disease. These contradictory results can be attributed to different sample source with the possibility of the contamination of A-syn samples originating from morphologic blood elements [25] .
There was no statistically significant correlation between the levels of A-syn total, A-synolig, and the ratio between them with either the score of modified HYS or different UPDRS score parts among PD patients. These results are consistent with those revealed by Malec-Litwinowicz and colleagues [24] .
Our obtained results of the association between BRD subtype, increased disease duration, and increased salivary A-synolig level can be explained by the fact that Asynolig, that precedes the fibrillar aggregates found in LB, are the criminals for neuronal degeneration in PD [26, 27] . It was suggested that LB themselves may be innocent in the PD pathogenesis [28] . Previous postmortem studies showed that LB were found in neurologically normal individuals over the age of 60 at high rate (approximately 10%) [29, 30] . Other studies revealed that the LB load detected in patients correlated poorly with the severity of symptoms [31, 32] . Finally, PD patients carrying familial mutations in the parkin gene, and some of those with the LRRK2 G2019S mutation, show neuronal degeneration in the absence of LB formation [33, 34] . Considering the results of previous studies together with the direct evidence demonstrating the toxicity of A-synolig, it was suggested that LB formation is a protective mechanism by acting as a sink for toxic oligomers, sequestering them away from the cellular machinery [35] .
Interestingly, a recent study exhibited the role of VPS35 gene activity on A-syn degradation pathways that control the balance between the clearance and accumulation of A-syn. Thus, increasing VPS35 levels would be a future therapeutic tool in PD [36] .
Limitations of the study
The saliva contains proteolytic and glycolytic enzymes that could influence the A-syn concentrations through proteolytic digestion. Despite specific precautions taken in the laboratory part of the study to prevent this enzymatic digestion, some residual enzymatic activity may be still present. Consequently, this will limit the ELISA results. A prospective longitudinal study conducted on a larger number of patients with long-term follow-up to investigate the relation between A-syn levels and disease severity and progression would provide more informative data. In addition, the patients included in the study were receiving different types of medications and their effect was not studied.
Conclusion
Salivary A-syn total and A-synolig might be considered potential biomarkers for PD diagnosis. Early diagnosis and intervention might help in preserving the neuronal functions, reducing the symptoms, slowing the disease progression, and improving the patients' quality of life. 
